In a previous communication we reported our finding that patients who have suffered a unilateral obstruction of a central or tributary vein have a bilateral defect in the regulation of their intraocular pressure when they are subjected to a change in posture.' We found that, whereas our control subjects, who had not suffered a retinal vein obstruction, maintained a relatively constant pressure in both their eyes when they changed from the sitting to lying position, our patients showed a bilateral rise in pressure. Thus in the subjects we examined the mean rise in pressure recorded in a group of nonobstructed eyes was 0 6±1-2 mmHg, while that recorded in the eyes of patients with a central retinal vein obstruction was 1 8±24 mmHg in the eye with the lesion and 2 6±2 3 mmHg in the contralateral eye. Similarly, in the eyes of patients with a tributary vein obstruction the rise in pressure was 3-1±2-3 mmHg in the obstructed eye and 21 ±2 2 mmHg in the contralateral eye. (In this series of experiments both sitting and lying pressures were recorded after the subject had been in the relevant position for 15 minutes.)
SUMMARY Retinal vein obstruction is a common complication of the retinopathy seen in patients with chronic hypertension. Previous studies have shown an abnormal control of intraocular pressure in response to changes of posture in patients with retinal vein obstruction. This paper describes the results of the investigation of the intraocular pressure response in 57 normotensive healthy adults and in 95 hypertensive patients, with a short study of 14 diabetic patients. Both hypertensive and diabetic groups showed abnormal responses. The possible significance of these findings as the expression of a fundamental anomaly shared by patients who develop either hypertension or diabetes is discussed.
In a previous communication we reported our finding that patients who have suffered a unilateral obstruction of a central or tributary vein have a bilateral defect in the regulation of their intraocular pressure when they are subjected to a change in posture.' We found that, whereas our control subjects, who had not suffered a retinal vein obstruction, maintained a relatively constant pressure in both their eyes when they changed from the sitting to lying position, our patients showed a bilateral rise in pressure. Thus in the subjects we examined the mean rise in pressure recorded in a group of nonobstructed eyes was 0 6±1-2 mmHg, while that recorded in the eyes of patients with a central retinal vein obstruction was 1 8±24 mmHg in the eye with the lesion and 2 6±2 3 mmHg in the contralateral eye. Similarly, in the eyes of patients with a tributary vein obstruction the rise in pressure was 3-1±2-3 mmHg in the obstructed eye and 21 ±2 2 mmHg in the contralateral eye. (In this series of experiments both sitting and lying pressures were recorded after the subject had been in the relevant position for 15 minutes.)
We remarked on 2 aspects of our results which seemed to us to be of particular interest: (1) the response shown by our patients was in some ways similar to that shown by patients with primary open-angle glaucoma; (2) the abnormal response was shown by both eyes and not only by the eye with the obstructive lesion. It seemed to us that the abnormal rise in pressure we had found must be due either to a defect in the outflow of fluid from the eye or to a relative increase of the intraocular contents (the globe being considered as a more or less inelastic container). We therefore proceded to compare the drainage potential of both eyes in a group of patients with a unilateral retinal vein obstruction using the Alcon Pneumatonograph. Our tonographic results showed no correlation between the value of the coefficient of outflow and the magnitude of the rise of intraocular pressure occurring in any eye when the patient changed to the lying position and no correlation between the relative values of the coefficients of outflow in any pair of eyes and the occurrence of the obstruction in one eye or the other.4 These results are in agreement with others,2 3 and we concluded that the postural rise of intraocular pressure is not dependent on impairment of drainage from the anterior chamber.
Our belief that this abnormal response to posture is the measure of an underlying anomaly which may predispose eyes to the development of a venous 845 Billie I. Williams, W. S. Peart, aiid E. Letley obstruction was strengthened by the second feature of our results to which we referred, namely, the abnormal response was bilateral. While we did not neglect the possibility that the behaviour of the contralateral eye might be explained as some sort of sympathetic effect resulting from changes in the eye which was the site of the lesion, it seemed more likely that the bilateral response might in fact represent such an underlying condition which, with time, had led to an overt obstruction in one eye.
In 
Pilot study
We selected 12 patients, irrespective of age, sex, race, the aetiology, duration, or magnitude of their hypertension, and of whether they were receiving therapy; that is, we used the same criteria for selection as we applied to the selection of patients with venous obstruction in our original studies. We made an arbitrary definition of hypertension as that existing when any subject had a systolic pressure of 150 mmHg or higher and a diastolic pressure of 90mmHg or higher on more than one occasion. We examined 6 men and 6 women. Their ages ranged between 29 and 60 years with a mean value of 45 5±10 6 years. Their systolic pressure ranged between 110 and 230 mmHg and their diastolic pressures between 82 and 145 mmHg, with a mean value of 164 ±42 mmHg and 103 ±20 mmHg (these pressures were recorded with the patients in the sitting position, the diastolic pressures being read at phase 4).
Method
Each subject was asked to sit quietly on a couch for 15 minutes, during which time the fundi were examined and a note was made of the state of the disc, veins, arteries, and arteriovenous crossings.
Two drops of oxybuprocaine 030, and fluorescein 0125°o eye drops were then instilled in both eyes and the intraocular pressure measured with a Perkins hand-held applanation tonometer, the reading being taken when the insides of the half rings just touched in the diastolic phase. The right eye pressure was always measured first. Three rapid measurements were made and recorded for each eye. The subject was then asked to lie down (with one pillow under the head) and after 15 minutes the intraocular pressures were measured as before. All measurements were made by one observer (B.I.W.). Normally the 3 readings on the tonometer differed by no more than 0 5 mmHg and frequently they were identical. In those unusual cases where there was more than I mm difference in the readings further rapid measurements were made until 3 readings differing by no mcrO than 0 5 mm were obtained, and these were used.
Results
The mean rises recorded varied between 0 and 8 5 mmHg with an overall mean value for the group of 3 5 42 5 mmHg. Since these values are of a higher order than those we found for the groups of control patients in our initial experiments, we decided to carry out a larger and more detailed study of hypertensive patients.
Main study Protocol
The information we wished to obtain from this study was as follows:
(1) Could we confirm our values for the control response to the postural test in a larger group of healthy normotensive adults? (2) Does the rise of intraocular pressure on lying in a group of randomly selected hypertensive patients differ from that in the control subjects? (3) Is there any relationship between the magnitude of the response to the postural change in any control or hypertensive subject and factors such as change in systemic arterial pressure, certain features observed on funduscopy, family history, personal medical history, or drug taking, including smoking and alcohol.
(4) Is there any difference in the result of the postural test if the intraocular pressure is recorded at 0 min, that is, as soon as possible after the subject lies down, as opposed to 15 min? We designed our experiments with these questions in mind although our data were inevitably incomplete in certain respects for certain patients.
Method CONTROL SUBJECTS
This study was carried out at the Wellcome Research Laboratories, Beckenham. The subjects were all staff members who volunteered to have their intraocular pressure measured. All these volunteers received a preliminary examination by one of us (E.L.), who filled in a questionnaire with respect to age, sex, race, smoking and drinking habits, any tablets, pills, or medicines taken (including contraceptive tablets in the case of women), past and present medical history, and a family history which questioned specifically the occurrence of hypertension, coronary artery disease, stroke, renal disease, 'toxaemia' of pregnancy, diabetes, glaucoma, or other diseases. He measured their blood pressure (sitting position) and carried out a routine urine analysis to exclude proteinuria or glycosuria. As previously (in the pilot study) an arbitrary value of 150/90 mmHg was taken as the dividing point, and any subject with either a systolic value or a diastolic value greater than these on more than one occasion was excluded from the control group. However, all volunteers were included in the study carried out by B.I.W., who had no previous knowledge of the results of this preliminary investigation by E.L. The study was therefore blind. Four volunteers were found to be hypertensive, 1 diabetic (with background retinopathy), and 1 had chronic uveitis with secondary glaucoma. They were excluded from the control group, the hypertensive subjects being transferred to the hypertensive group. We were left with 57 control subjects as a result of this procedure.
The values for sitting blood pressure found on the 2 group.bmj.com on July 4, 2017 -Published by http://bjo.bmj.com/ Downloaded from pressure at 0 min than that found in their absence, and the correlation approached significance (2P= 0 059). Conversely the mean values at 15 min were very similar in the presence or absence of this abnormality.
Conclusions
Our results have shown that a group of hypertensive patients as a whole behaved differently from a group of normotensive, healthy subjects with respect to control of intraocular pressure. With a change of posture from sitting to lying the hypertensive patients showed a significantly higher mean rise of intraocular pressure after 15 minutes in the lying position. In this respect their behaviour resembles that of patients who have suffered a unilateral obstruction of a central or tributary retinal vein. In the latter group, therefore, such a rise of pressure at 15 min cannot be the result of retinal vein obstruction, but must be due to factors which are in operation before obstruction occurs.
The greater rise of pressure at 0 min in the normal subjects did not achieve significance but did show a trend which is interesting and worthy of further study, particularly as the rise of pressure occurring in glaucomatous eyes has been recorded as soon as the subject lies down, or at 2 minutes.5
Reference to Figs. 1 and 2 shows that while the mean rise of pressure of hypertensive patients as a group may be higher than that of normotensive subjects, all hypertensive patients do not behave in a similar way. In 41% the rise of pressure was less than 1-9 mmHg (mean + SD). Further, those who showed rises greater than this did not appear to fall into any particular age group: rises greater than the mean + SD occurred in patients as young as 18 years and as old as 70 years. This would suggest that the abnormal rise in pressure is not the result of the hypertensive process at work over a period of time but rather an anomaly which predates it in some hypertensives. If this is so, we may be dealing with an abnormality which, being present in only some subjects, is of importance as an indication of those hypertensive patients likely to suffer a retinal vein obstruction.
Addendum
The belief that the abnormal intraocular pressure response is the result of underlying anomaly shown by patients who develop hypertension and glaucoma led us to investigate a small number of diabetic patients, since there is a considerable amount of clinical evidence to link hypertension, diabetes, and primary open-angle glaucoma. Thus, this type of glaucoma is more common in the diabetic than in the nondiabetic population, and diabetes is more often found in patients with an open-angle glaucoma than is the case in the general population.6 Both diabetes and open-angle glaucoma can be provoked or exacerbated by the administration of glucocorticosteroids, and both groups of patients show abnormally high rises of intraocular pressure in response to the administration of topical steroids. 7 Diabetics and hypertensives share the misfortune of vascular retinopathies, which have many features in common, including the development of venous obstruction, a complication which is not uncommonly associated with open-angle glaucoma, and, finally, in all these disorders we find strong evidence of the influence of inherited factors in their genesis [8] [9] [10] Patients and methods
We examined 14 patients of whom 4 were men and 10 women. Their ages ranged between 25 and 70 years with a mean value of 53-36±13-3 years. All patients had shown glycosuria together with random blood sugar levels > 12-0 mmol/litre at some time, and we found that the duration of their disease varied between 4 and 30 years (in those cases where this could be established with reasonable certainty). All except 2 patients had presented with acute symptoms, the remaining 2 having disease of the maturity onset variety. According to our criteria (see above) 8 patients had a systemic hypertension, while 6 were normotensive, 11 had retinopathy associated with their diabetes, and 1 normotensive patient had unilateral retinal vein obstruction. All the patients except 4 were receiving oral therapy for their diabetes, the drugs used being chlorpropramide and glibenclamide. One patient was controlled by diet only, and 3 were being treated by combinations of soluble and long-acting insulin preparations. The hypertensive patients requiring therapy were being treated with various hypotensive agents, including methyldopa, debrisoquine, propranolol, hydrallazine, and the thiazide diuretics. One patient was receiving treatment with thyroxine.
We carried out intraocular pressure measurements on this group using the same protocol as was used in our pilot study of 12 hypertensive patients.
Results
The mean rise of intraocular pressure after the subjects lay down was 4-9 ±1 8 mmHg. This value is clearly significantly greater than that found in our control group (see above, 0-6± 13 mmHg), being Figs. 1 and 2) .
(2) The mean difference in the rise of intraocular pressure occurring in the control and hypertensive groups was tested statistically to establish whether the greater rise shown by the latter group was related to the fact that the average age of these patients was higher than that of the control subjects. Comparison of the mean rises of pressure in age-matched sub- jects from these 2 groups again proved to be statistically significant (P<0-05) (see above, Result 5 of Main Study). ( 3) The diabetic group tested was relatively small but the age range was considerable, i.e., from 25 years to 70 years. As with the hypertensive patients high rises of intraocular pressure occurred in subjects at both ends of the age scale. Thus in our 2 youngest diabetic patients, aged 25 and 33 years, the rises of intraocular pressure were 7-0 and 6-0 mmHg respectively, while 2 of our older patients aged 66 and 60 years had rises of 8-0 and 6 0 mmHg.
To test the significance of the age factor in this small number of subjects we divided our 14 diabetic patients into 2 groups such that the first group contained the 7 youngest and the second group the 7 oldest patients. Comparison of the mean rises of intraocular pressure found in the 2 groups showed no significant difference despite the difference in mean ages; that is, the mean rise found was 49 ±1 9 mmHg in the younger group and 4 9 ±19 mmHg in the older group, though the mean ages were 43-2±10 2 and 63 6±5-1 years respectively (see Table 2 ).
We therefore believe that this abnormality is not age-related and may be the measurement of a fundamental defect linking hypertension, diabetes mellitus, and primary open-angle glaucoma. 
